Introduction
============

The emergence of multidrug resistance (MDR) plays a crucial role in the failure of chemotherapy of leukemia patients \[[@b1-sensors-05-00250],[@b2-sensors-05-00250]\]. One of the most common mechanisms implicated in causing MDR is in the multidrug proteins P-gp, MRP1, and BCRP --- all belong to the ATP-binding cassette (ABC) transporter family, which is the ATP dependent, transmembrane drug efflux pump \[[@b3-sensors-05-00250]\]. Accurate determination of these MDR proteins is necessary as they may have important clinical implications. Until now, there have been several methods in the determination of MDR such as immunohistochemistry \[[@b4-sensors-05-00250]\], PCR \[[@b5-sensors-05-00250]\], RT-PCR \[[@b6-sensors-05-00250],[@b7-sensors-05-00250]\], FCM \[[@b8-sensors-05-00250]\] etc. Although refinements in these methods have been developed continually, there are still several insufficiencies. Immunohistochemistry is difficult to quantitate the increased range of multidrug gene expression. PCR-based methods are multistep processes, which makes them challenging to initiate. They are prone to false positives and can be expensive and/or tedious and time consuming. Although DNA is an information archive, almost all cell functions are executed by protein, which cannot be assessed by evaluation of DNA and RNA alone. The RT-PCR permits the amplification of mRNA, however, there is no analogous method to amplify protein expression. Experimental evidence clearly shows a disparity between the relative expression levels of mRNA and their corresponding proteins \[[@b9-sensors-05-00250]\]. Furthermore, post-translational protein modification, protein--protein interactions, and protein--DNA interaction, which are all vital for cellular activity, cannot be understood by studies of DNA and mRNA alone. Protein-based analyses are required to address these questions. FCM is sensitive and rapid, but it usually involves multi-stage processes and a relatively large and heavy apparatus. Therefore, there is a strong interest and need for sensitive and rapid determination methods for MDR of leukemia cells to provide in-time warnings, low sample volume, and low cost and facilitate early clinical reverse treatment. Array-based assays using nucleic acid-nucleic acid interactions (DNA chips) are well established and protein assays are just becoming popular \[[@b10-sensors-05-00250]\]. Protein arrays rely on the immobilization of specific protein, such as antibodies, onto a support matrix glass \[[@b10-sensors-05-00250],[@b11-sensors-05-00250]\]. The glass surfaces were modified with spacers for covalent bindings of protein to it. Protein arrays have the advantage of high throughput, high specificity, low sample volume, and low cost. The present work provided a novel method to detect multiple MDR proteins of leukemia cells simultaneously by protein arrays. In this paper, three monoclonal antibodies of P-gp, MRP1 and BCRP were immobilized on a modified glass slide. Leukemia cells were incubated with the protein array, and then detected and imaged by a CCD.

Experimental
============

Apparatus
---------

Result determination was accomplished with an inverted microscope (TE-300, Nikon, Japan), which has a halogen lamp as the light source, and the image was captured with a CCD camera (WV-CL 350/G, Panasonic, Japan).

Reagents
--------

Three monoclonal antibodies: JSB-1, MRPm6, BXP-34 were purchased from Alexis Inc. Agarose and bovine serum albumin (BSA) were obtained from Sigma Inc. The second-step antibodies (APC-conjugated streptavidin, phycoerythrin \[PE\]-conjugated goat anti-mouse IgG) were purchased from Pharmingen (San Diego,CA). Chemicals used were obtained from Shanghai Chemical Company. The water used was produced by Milli-Q (Millipore, USA).

Modified glass slide preparation
--------------------------------

Glass slides were cleaned for one hour in a solution consisting of one third hydrogen peroxide (30%) and two-thirds sulfuric acid (18 M) \[[@b12-sensors-05-00250]\], rinsed three times in deionized distilled water (ddH~2~O), left for ten minutes in boiling ddH~2~O, dried under an argon flow. The above glass slide was dunked in 95% acetone solution including 1% (3-aminopropyl) triethoxysilane left for ten minutes, rinsed three times, each time lasting three minutes using acetone, then washed three times in ddH~2~O, dried in 120°C. The dried slides can be stored in desiccation condition. Agarose solution was matched by adding 1g agarose to 100 mL ddH~2~O, completely mixing and boiling for three minutes. Then, 2 mL agarose solution was poured over each of the aminosilane derived glass slide. After agarose gelating, the slides were dried at 37°C overnight. The dried slides can be stored at room temperature for future use. Before immobilization of the antibody, the agarose films were immersed for 30 minutes in a 20 mM solution of NaIO~4~ at room temperature, then thoroughly washed three times with ddH~2~O and dried in an argon flow. The proteins and BSA were dissolved in a phosphate buffered saline (0.01 M pH 7.4) with 20% glycerol. Three monoclonal antibodies (0.2 μl of 200 μg/mL) were immobilized onto glass slides as described above. The arrays were blocked with 5% BSA (Bovine Serum Albumin) /TBS (0.01 M Tris HCl pH 7.6/0.15 M NaCl) for 1 h at room temperature, then stored in boxes at 4°C for future use.

Procedure
---------

Leukemia samples consisting of peripheral blood or bone marrow specimens from 5 healthy controls (Group1), 5 untreated acute leukemia (AL) patients (Group2) with the FAB classification, and 5 relapsed-refractory AL patients (Group3) were analyzed. The mononuclear fraction isolated and cryopreserved as described \[[@b13-sensors-05-00250]\].

Cells were centrifuged for 10 min at 1000 rpm/min and then washed with pH 7.4 PBS buffer, which process was repeated three times. Then, the cells were suspended at varying concentrations of 1.0 ×10^3^ cells/mL, 1.0 ×10^4^ cells/mL, 1.0 ×10^5^ cells/mL, 1.0 ×10^6^ cells/mL and incubated with the arrays in PBS for 1 h, 2 h, and 3 h at room temperature in a shaker. The slide was washed five times with PBST. After the arrays were washed to remove unbound cells, a solution containing an energy-absorbing molecule (typically referred to as matrix) was added and allowed to crystallize, embedding retained cells within spots. The signals were observed by an inverted microscope and imaged with a CCD camera. The number of captured cells was calculated with software. Finally, the percentages of captured cells were determined.

Flow cytometry
--------------

For flow cytometric determination of cell-surface Pgp, MRP1 and BCRP, sample cells were washed and incubated for 30 min at 4°C in the presence of 50 mL of 10 mg/mL of the MAb JSB-1, MRPm6, BXP-34 which recognizes an external epitope of these MDR proteins. After washing with ice-cold PBS containing 1% BSA, cells were incubated for 30 min at 4°C with the goat anti-mouse immunoglobulins. After washing, the cells were immediately analysed with a FACStar Plus flow cytometer (Becton Dickinson) with an argon laser set at 488 nm. Live cells were gated by eye on the basis of forward scatter and side scatter characteristics, analysed using CellQuest software (Beckton Dickinson). The fluorescence was measured on a logarithmic scale.

Statistical analyses
--------------------

Chi-square test was used for testing significance and P\<0.01 values were considered significant.

Results and Discussion
======================

MDR protein arrays for multiplex characterization of leukemia cells autoantibody responses
------------------------------------------------------------------------------------------

Several types of protein chips have been designed, including glass slides, porous gel pad slides and microwells. Glass slides have the advantage that they can be used with standard microrrayers and scanners used for DNA chips, with less background, are more amenable to high through work, inexpensive, possible cross-contamination and scanners by CCD \[[@b9-sensors-05-00250]\]. A lot of methods for antibody immobilization have been studied before Piehler used dextran as spacer molecules to attach antibodies to a silica surface \[[@b14-sensors-05-00250]\]. This spacer improved surface properties for antigen-antibody interaction because of their length, orientation and flexibility. Agarose was used as a spacer linker because of its length and previous applications in antigen-antibody interaction, which is soluble in water in any proportion, resulting in highly hydrated hydrogels. Agarose film can provide a compatible environment for macromolecules interaction. In this study, immobilization of P-gp, MRP1 and BCRP proteins on the modified glass slide was used.

The microscope showed that antibodies were immobilized onto the glass surface efficiently and the bioactivity was sustained. Leukemia cells peculiarly captured the cell membrane antibodies on the slides. Every antibody was immobilized 1 row and 6 points, therefore three antibodies formed 3×6 arrays in a glass slide.

We detected different concentration of the cells from 1.0×10^3^ cells/mL to1.0×10^6^ cells/mL and different incubation time from 1 h to 3 h. In 1.0×10^3^ cells/mL concentration or incubation 1 h, the small quantity cell mounts made the bind signal indistinct. However, the higher cell concentration will cause a higher background. It appeared as clusters of cells on 1.0×10^6^ cells/mL or incubation 3 h. In this system, the image with a concentration of 1.0×10^4^ cells/mL was clear and satisfied. The captured cells intensity signals showed with a fixed concentration of 1.0×10^4^ cells/mL in the sample. The CCD image indicated that the antibodies combined leukemia cells of Group 3 patient on the protein array ([Fig. 1](#f1-sensors-05-00250){ref-type="fig"}).

Cells combine antibody on a spot
--------------------------------

The concentration of leukemia and normal cells was studied at 1.0×10^4^ cells/mL. The cells captured three monoclonal antibodies respectively, which are shown in [Figure 2](#f2-sensors-05-00250){ref-type="fig"} from a to i (took 1 case/group binding P-gp antibody for illustration).

[Figures 2a-c](#f2-sensors-05-00250){ref-type="fig"} showed the result of normal cells binding P-gp antibody. [Figures d-f](#f2-sensors-05-00250){ref-type="fig"} displayed untreated leukemia cells, respectively. The results of relapsed-refractory AL patients\' cells were revealed on [Figures 2g-i](#f2-sensors-05-00250){ref-type="fig"}. The numbers of captured cells of every spot were calculated with the computer software and the MDR protein expression difference was analyzed in three groups ([Fig. 3](#f3-sensors-05-00250){ref-type="fig"}). The analysis demonstrated that P-gp, MRP1 and BCRP were overexpressed in leukemia cells and the level of these proteins expression in relapsed-refractory group was significantly higher than those in untreated and normal control groups. Cells expressions of the untreated group were significantly higher than normal control cells which expressed very low.

Flow cytometry determination results
------------------------------------

The expression of three MDR proteins was very low in normal cells, however, the relapses and the untreat patients\' cells were expressed high. The relapses cells expression was higher than the untreated cells ([Fig. 4](#f4-sensors-05-00250){ref-type="fig"}). The protein array method is coincident with FCM (P\>0.01) and RT-PCR \[[@b15-sensors-05-00250]-[@b18-sensors-05-00250]\].

Conclusions
===========

The images show that the method was sensitive and specific. The preparation of protein arrays is simple and cost-efficient. The detection process can be achieved rapidly in 2 hours. The modification method to modify the glass slide for protein imprinting is easy to do. For the determination of captured cells, only a microscope was required to observe the results and a CCD camera to capture the images. Protein arrays could be designed in various patterns by spotting different proteins on the same chip. Different cells could be detected simultaneously with the same chip. This novel method for determination of human leukemia cells has the advantage of high throughput, high specificity, low sample consume, and low cost. To sum up, protein arrays have a brighter and better future in medical applications.
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![The relapsed-refractory AL patients\' cells combine antibodies onto the agarose film modified glass.](sensors-05-00250f1){#f1-sensors-05-00250}

![(a to i). Protein array determined Pgp, MRP1 and BCRP in sample cells. Fig.a-c showed the result of normal cells binding P-gp antibody. Fig. d-f displayed untreated leukemia cells. The results of relapsed-refractory AL patients\' cells were revealed on figures g-i.](sensors-05-00250f2){#f2-sensors-05-00250}

![Protein array determined every MDR protein expression level which was analyzed in three groups. The data represent the mean of 5 experiments.](sensors-05-00250f3){#f3-sensors-05-00250}

![Pgp, MRP1 and BCRP were assayed by flow cytometry.](sensors-05-00250f4){#f4-sensors-05-00250}
